A new pay-for-performance scheme for primary care physicians was introduced in England in 2004 as part of an initiative to link the quality of primary care with physician pay.
INTRODUCTION
Although many people with chronic diseases can be managed successfully in primary care, hospital admission rates for complications of chronic conditions such as coronary heart disease (CHD) continue to rise in many countries. 1 Controlling this rise in admission rates for chronic diseases is of high priority for health care systems. Work from the United States suggests that hospital admission rates for ambulatory sensitive conditions, such as cardiovascular disorders, may be indicative of the quality of chronic disease management in primary care, with better care being associated with lower admission rates for these conditions. 2, 3 In recent years, several initiatives have aimed to improve the quality of chronic disease management in England's National Health Service. 4, 5 A key driver of policy has been the belief that care provided in ambulatory settings is more accessible and acceptable to patients and that quality improvement in primary care services will reduce the demand for specialist hospital services. Among these recent initiatives was a new national contract 6 for family practitioners in which a significant proportion of physician income would be determined by performance against a Quality and Outcomes Framework (QOF). The framework contains a number of evidence-based measures of chronic disease management 7 and has been described as the world's boldest attempt yet to improve the quality of primary care and to link quality with pay. 8 Previous interventional studies in primary care have shown that achievement of the clinical interventions and targets in QOF can reduce morbidity and mortality from chronic diseases. We wanted to determine whether there was any association between the quality of primary care as measured by the new framework and age-gender-adjusted hospital admission or revascularization procedure rates for CHD for all 303 primary care trusts in England, adjusting for disease prevalence and socioeconomic deprivation. The link between deprivation and admission rates is well established, but the link between the quality of care and admissions is not.
Primary care trusts are the statutory bodies responsible for purchasing specialist services and for delivering primary health care services to local areas in England. They are also the administrative authority for family practitioners and typically cover a population of 150,000-300,000 people. Because the numbers of hospitalizations at family practice level were too small to give robust results, analyses were performed at primary care trust level.
METHODS

Hospital Episode Statistics Data
The Hospital Episode Statistics database contains records of all inpatient and day case care provided by National Health Service hospitals in England. The data are recorded as finished consultant episodes, which are defined as the period during which an admitted patient is under the care of a particular consultant within a hospital provider. These were linked into admissions, with transfers to another hospital trust also linked so that they were not counted as separate admissions.
Diagnoses were coded using the International Classification of Disease (ICD) version 10, and procedures were coded using the Office for Population Censuses and Surveys version 4.2 classification (OPCS4). All admissions were selected where the primary diagnosis was CHD (ICD I20-125), divided into unplanned and elective. We used hospital admissions data for inpatients aged 45 years or over for the financial year April 2004 to March 2005 [adding the area socioeconomic status score data (as described below) via the patient's postcode]. Admissions for revascularization procedures were defined as those in which OPCS4 codes K49-K50 (coronary angioplasty) or K40-K46 (coronary artery bypass graft) appeared in any procedure field. 
Quality and Outcomes Framework Data
Statistical Analysis
At primary care trust level, the QOF scores are proportional to the number of practices and the number of registered patients. For each primary care trust, we transformed the score using the following formula:
QOFPPP ¼Quality and Outcomes Framework Score=
Number of Practices Multiplied ð by the Total Practice List Size ÞÂ1000
We calculated directly standardized rates that were expressed as admissions per 100,000 population using the total England population as the standard, adjusting for age and gender. We plotted prevalence and area socioeconomic status scores against the directly standardized rates for elective and unplanned CHD admissions and for coronary angioplasty and coronary artery bypass grafting. When a negative relation between prevalence and revascularizations was observed, we plotted the raw unplanned admission rates against the raw revascularization rates by 5-year age band. The relation between area-level socioeconomic status scores has been shown to vary with age, with less influence among the elderly. 11 We therefore analyzed data by 2 age groups: 45-74 years and 75 years and over. We calculated standardized admission ratios using the indirect method, as the direct method can be sensitive to small numbers in the agegender strata. We excluded patients under 45 years of age because CHD is rare in this group.
suggest missing data for some indicators, and we therefore analyzed all practices with total non-zero scores. This left 8,442 practices for aggregation. We used regression (linear for directly standardized rates and log-linear for standardized admission ratios) for elective and unplanned CHD admissions, and for each type of revascularization procedure against mean deprivation score, the prevalence of CHD and QOFPPP. All 3 predictors were entered at once, after first plotting each one against the outcome and calculating Pearson correlation coefficients.
A second analysis split the admissions into "first" admissions for CHD and "subsequent" admissions for CHD. In our data set, there is no field indicating whether the current admission is the patient's first or otherwise for any condition. As a proxy, a CHD admission for each patient was defined as being their "first" if they had not had 1 in the previous 3 years; other CHD admissions in 2004/2005 were therefore defined as "subsequent." As the quality indicators relate to secondary prevention measures, i.e., improving the profile of risk factors such as blood pressure in patients who already have CHD, one might argue that only a relation between quality scores and subsequent admissions might be seen. The regressions were therefore repeated for each age group using directly standardized rates of these "subsequent" admissions for electives and unplanned admissions separately.
We focus throughout on primary care trust level results primarily because of the small numbers of admissions at family practice level. To check whether our ecological analysis missed any relation between framework points and admissions, we also calculated standardized admission ratios for each practice (the direct method would yield rates that are too unstable). These were entered in a log-linear model as for the primary care trusts, with framework scores per practice divided by the total list size and multiplied by 1,000. SPSS was used for all analyses.
RESULTS
The characteristics of the 303 English primary care trusts varied widely (Table 1) . Performance in the QOF was generally good, with an overall median score per primary care trust of 973 (maximum possible score 1,050) and a score of 100 for the CHD domain (maximum possible score 101 points). Because of considerable variations in the list size, QOFPPP varied much more between primary care trusts. Table 2 summarizes the directly age-and gender-standardized rates for CHD admissions and revascularization procedures. There was wide variation between primary care trusts: prevalence varied 4-fold, unplanned directly standardized rates more than 6-fold for ages 45-74 years and more than 5-fold for ages 75 years and over, and elective directly standardized rates more than 6-fold for ages 45-74 years and more than 10-fold for ages 75 years and over.
We found that revascularization rates for people aged 75 years and over (and particularly those aged 80 years and over) were lower than their level of unplanned CHD admissions predicted. Figure 1 shows the large increase in unplanned directly standardized admission rates from the youngest to the oldest age group, which was not accompanied by a similar rise in directly standardized rates for either coronary angioplasty or coronary artery bypass graft. There was only a weak association between QOF score and deprivation. Table 3 shows the correlation coefficients between mean area socioeconomic status score, CHD prevalence, and hospital admissions by age group. Most correlations were weak, but they were often statistically significant. The strongest relations were seen between area socioeconomic status and elective and unplanned hospital admissions and revascularization procedures among those aged 45-74 years. Among people aged 75 years and over, the only positive association observed was between area socioeconomic status and unplanned hospital admissions.
For overall prevalence, the only notable association was a negative one for coronary angioplasty for people aged 75 and over. As expected, elective directly standardized rates correlated more closely with procedural directly standardized rates, as elective admissions for CHD will often be for a revascularization procedure. QOFPPP showed a moderate positive correlation with overall disease prevalence but weak correlations with the other variables, including deprivation. There was a marginally significant association between QOFPPP and unplanned CHD admission rates (correlation coefficient=−0.12, p=0.045, Fig. 2 ). 
Regression Results
In the regression analyses, there was a significant positive relation between mean area socioeconomic status and the 4 directly standardized rates (p<0.001 for each model and age group). Area socioeconomic status was the most important of the 3 predictors in explaining the variation in directly standardized rates. For ages 45-74 years, QOFPPP showed nonsignificant relations with all 4 directly standardized rates and indirectly standardized admission ratios (p>0.2). Results were the same for the blood pressure and cholesterol indicators. The association between overall prevalence and the directly standardized rates was not significant for unplanned (p=0.47) or elective CHD (p=0.99). A 1% increase in disease prevalence was associated with 4.3 more coronary artery bypass grafts per 100,000 population (95% CI 0.2 to 8.4, p=0.04) and 31.3 fewer coronary angioplasties per 100,000 population (95% CI 21.5 to 41.2, p<0.001).
For ages 75 years and over, QOFPPP showed nonsignificant relations with all 4 directly standardized rates and indirectly standardized admission ratios (p>0.7). Again, results were the same for the blood pressure and cholesterol indicators. A 1% increase in CHD prevalence was associated with an extra 133.6 unplanned CHD admissions per 100,000 population (95% CI 84 to 183.2, p<0.001) and 23.3 fewer elective CHD admissions per 100,000 population (95% CI 9.9 to 36.6, p=0.001), 3.3 fewer coronary artery bypass grafts per 100,000 population (95% CI 9.8 fewer to 3.3 extra, p=0.33), and 53.6 fewer coronary angioplasties (95% CI 39.8 to 67.4, p<0.001).
Regression results for the "subsequent" admissions showed very similar results to the previous analyses that included all CHD admissions: QOFPPP showed nonsignificant relations with all the directly standardized rates examined (p>0.7). Practice-level regression results showed very similar patterns to primary care trust level analyses for the relations between admissions and both deprivation and prevalence. Although quality and outcome framework scores per 1,000 list patients sometimes showed statistically significant associations with standardized admission ratios, the size of the associations was clinically unimportant. For example, the largest effect was for coronary artery bypass grafts in patients aged 75 and over, for whom an increase of 100 points per 1,000 list patients was associated with only 0.3 fewer procedures; an increase in 100 points would be very large, given that the mean framework score per 1,000 list patients is only 23.3 with an interquartile range of 11.5 to 30.1. Figure 1 . Mean rates of elective and unplanned hospital admissions for coronary heart disease and mean rates of hospital admissions for coronary angioplasty (PTCA) and coronary artery bypass grafting (CABG) by age SD = standard deviation, IQR = interquartile range, CHD = coronary heart disease, DSR = directly standardized rate per 100,000 population
DISCUSSION
Summary of Main Findings
We found no significant association between the quality of CHD care, as measured by the QOF, and rates of elective or unplanned hospital admission for CHD by primary care trust in England. This suggests that high-quality primary care may not necessarily lead to lower rates of hospital admissions.
Population factors such as prevalence and area socioeconomic status may be more important determinants of hospital admission rates than quality of care. We also found that lower socioeconomic status was positively associated with hospital admission rates for CHD, particularly for those aged 45-74 years, and explains more of the variation observed amongst primary care trusts than either the overall prevalence for CHD or QOF scores for CHD.
Strengths and Limitations of the Study
A key strength of this study is the large size of the population covered (50 million). Moreover, the structure of primary care in England offers some unique opportunities for examining factors associated with the quality of care. Almost all the English population is registered with a family practitioner, who is responsible for providing primary care services and arranging referrals for specialist care (all of which are free at the point of delivery). This means that family practitioners have well-defined denominator populations, which in turn allows for more accurate calculations of disease prevalence and treatment rates. 13 Among the limitations of the study are the assumptions inherent with QOF data. The first key assumption is that a high QOF score is indicative of good-quality primary care. There was relatively little variation between Primary Care Trusts in quality scores for CHD. This may be because the framework itself has been successful in reducing the previously documented variations in CHD management in primary care. Conversely, it may be because the total CHD score is relatively poor at discriminating good-from poor-quality care. We sought to address this potential limitation by conducting separate analyses for intermediate clinical outcome indicators Second, we measured associations between the quality of primary care and hospital admissions over the same 12-month period. The assumption here is that the quality scores relate not just to 2004 but also reflect historical variations in quality, and therefore, there may be enough lag time to see an association with admission rates. If, however, the family practitioner contract resulted in better care and reduced variations in quality, in addition to a number of previous improvement initiatives, then it might be too early to see changes in admission rates that are because of improved care owing to the new contract. We repeated the analysis using admissions for the following year, 2005/2006, and found the same pattern of results.
Third, only rates for subsequent rather than all admissions for CHD might be expected to correlate with scores for secondary prevention, although the finding that quality scores also showed nonsignificant relations with the revascularization rates suggests that we have not missed a possible association. Analysis of "subsequent" admissions showed very similar results to those obtained using all admissions, although our definition of "subsequent" was imperfect (data not shown).
Fourth, people with CHD who are not identified or coded by the practice are excluded from the data set. However, payments to family practices under the new contract are weighted by disease prevalence, thereby giving a financial incentive for full recording of patients with CHD. Patients can also be "exception coded," and thus excluded from the denominator for some of the indicator scores, and initial analysis suggests that, although this is not extensive, it is a predictor of high levels of achievement. 15 Other limitations include the lack of prevalence estimates broken down by either age or gender. It was also not possible to tell whether the admitted patients had high or low indicator scores because the scores were only available at aggregate level for family practices. Finally, the financial incentives associated with achieving high quality and outcomes score may encourage general practices to manipulate data, for example, by recording a patient's blood pressure as being lower than it actually is. This "gaming" will be difficult to detect, despite annual inspection of practices and the severe penalties incurred for making fraudulent claims.
Comparisons with Previous Research
Because QOF data have only become available relatively recently, few studies are available against which to directly compare our findings. Our findings do, however, reinforce the associations seen in previous studies between deprivation and hospital admission rates, especially with unplanned admission rates.
16,17
Implications for Future Research and Clinical Practice
Unplanned admissions for CHD will include some acute events that will occur regardless of the quality of primary care, but we might expect to avoid some unplanned admissions with primary prevention and early diagnosis and management in primary care. If the principal goal of the new family practitioner contract was to establish disease registers in primary care and to begin to control disease risk factors, then we may not see health improvement (and corresponding reduction in unplanned admissions) over this short space of time. Nevertheless, the lack of an association between quality scores and admission rates is an important finding. It suggests that improving the quality of primary care by itself may not reduce admissions for potentially ambulatory care sensitive disorders such as coronary heart disorders. Furthermore, in England, hospital admission rates for disorders such as CHD may not reflect the accessibility, continuity, or quality of primary care services. This is in contrast to the conclusions of some previous U.S. studies.
18,19
Conclusions
We found relatively weak associations between the quality of primary care services for CHD in primary care and hospital admission rates for this disorder in England, and even these became nonsignificant after adjusting for disease prevalence and area socioeconomic status. This suggests that higherquality primary care services, which clearly have other benefits to patients, may not necessarily lead to lower hospital admission rates or lower spending on hospital care. This finding has important implications for health policy in the UK and elsewhere.
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